Amyloidosis refers to a group of heterogeneous diseases in which amyloid fibers deposited in organ and extracellular tissue comprise misfolded precursor proteins.[@b1] According to the variety of misfolded proteins, the site of production and the type of tissue infiltrated, amyloidosis of the myocardium is divided into five subtypes: immunoglobulin light chain (AL), secondary amyloidosis (or reactive amyloidosis), familial amyloidosis \[transthyretin (ATTR) amyloidosis or hereditary amyloidosis\], dialysis-related amyloidosis, and senile systemic amyloidosis. AL amyloidosis is the most common type of amyloidosis in developed countries, derived from the immunoglobulin light chain, produced by monoclonal plasma cell dyscrasia.[@b2] Cardiac involvement is commonly associated with adverse prognosis due to severe heart failure (HF), thromboembolic events, and sudden cardiac arrest. Here, we describe a cardiac amyloidosis (CA) patient with HF, conduction defects, and atrial arrhythmias.

A 72-year-old Chinese man who presented to the Sixth Medical Center of Chinese PLA General Hospital suffered from exertional dyspnea in the last six months. On admission, the patient had heart rate of 90 beats per minute, blood pressure of 102/62 mmHg, and clear lungs and mild edema in both legs. Laboratory tests showed elevated plasma troponin I levels (0.226 µg/L; normal range: \< 0.04 µg/L) and N-terminal pro B-type natriuretic peptide (NT-pro BNP: 18299 pg/mL; normal range: 300--1800 pg/mL). Twelve-lead electrocardiogram (ECG) revealed a sinus rhythm of 75 beats/min, abnormal Q waves, and elevated ST-segment in V1 to V3 ([Figure 1](#jgc-17-06-373-g001){ref-type="fig"}). Echocardiography revealed dilated bi-atria, symmetrically thickened left ventricular septum (14 mm), restrictive filling pattern (mitral valve E/A, 74/31), granular high echoic spots at the ventricular septum, and decreased left ventricular ejection fraction to 42% ([Figure 2](#jgc-17-06-373-g002){ref-type="fig"}). Cardiac magnetic resonance imaging showed a delayed enhancement signal diffused in the subendocardium of the myocardium with postinjection of gadolinium ([Figure 3](#jgc-17-06-373-g003){ref-type="fig"}).

![Electrocardiogram shows sinus rhythm of 75 beats/min, abnormal Q waves, elevated ST-segment in V1 to V3, and left anterior branch block.](jgc-17-06-373-g001){#jgc-17-06-373-g001}

![Echocardiography of the cardiac amyloidosis patient.\
(A): Echocardiography revealed dilated bi-atria (arrow); (B): symmetrically thickened left ventricular septum (14 mm), granular high echoic spots at the ventricular septum (arrow) and mild pericardial effusion (arrow); and (C): diastolic dysfunction with E/A (arrow), 74/31.](jgc-17-06-373-g002){#jgc-17-06-373-g002}

![Cardiac magnetic resonance imaging presented delayed enhancement signal diffused in subendocardial of myocardial with post-injection the gadolinium (arrow).](jgc-17-06-373-g003){#jgc-17-06-373-g003}

These typical observations were all characteristics of amyloid cardiomyopathy. Subsequently, plasmacytosis was observed in bone marrow biopsy, and abnormal proliferation of monoclonal plasma cells was confirmed by immunophenotyping of the hematologic tumor ([Figure 4](#jgc-17-06-373-g004){ref-type="fig"}). The concentration of free lambda light chain was higher in the serum assay (69.6; normal range: 5.7--26.3). Nevertheless, serum immunofixation electrophoresis was negative. The patient was finally diagnosed with monoclonal AL amyloidosis. Thereafter, the patient was referred for hematological treatment with bortezomib-dexamethasone-cyclophosphamide, melphalan-dexamethasone, and ixazomib-dexamethasone consecutively. Unfortunately, the patient suddenly became unconscious, with the longest sinus arrest at 6.28 s and alternating with atrial fibrillation (AF) as shown in [Figure 5](#jgc-17-06-373-g005){ref-type="fig"}.

![Bone marrow biopsy shows plasmacytosis.](jgc-17-06-373-g004){#jgc-17-06-373-g004}

![Electrocardiogram monitoring shows sinus arrest for 6.28 s.](jgc-17-06-373-g005){#jgc-17-06-373-g005}

A single chamber permanent pacemaker was placed to prevent cardiac arrest. However, persistent atrial tachycardia (AT) also worsened HF and hypotension, occasionally alternating with AF ([Figure 6](#jgc-17-06-373-g006){ref-type="fig"}).

![Electrocardiogram shows atrial tachycardia of 150 beats/min, depressed ST-segment, inverted T wave in V2 to V6, and left anterior branch block.](jgc-17-06-373-g006){#jgc-17-06-373-g006}

In addition, thromboembolisms of the lower extremity artery occurred, which were initially surgically treated with anticoagulation. Antiarrhythmic drugs were ineffective in converting to sinus arrhythmias. Therefore, catheter ablation is the feasible and effective therapeutic strategy. A three-dimensional electroanatomic model (ECM) was constructed involving the right atrium, superior and inferior vena cava, and tricuspid valve under the Carto system, which maps the best target located in the junction of the right atrial appendage and superior vena cava, to receive ablation for 300 s at 35 watts. Then, the AT with low frequency (120 beats/min) could still be induced. Concerning amyloid fibrils that infiltrated the myocardium and the mapped atrial low voltage, atria are supposedly electrically silent. Therefore, atrioventricular node (AVN) ablation was performed, with careful consideration of the possibility of AT recurrence. The pacing frequency of the pacemaker was adjusted to 80 beats/min to avoid any relevant adverse problems for the sudden reduction in heart rate. The patient was noted to be pacemaker-dependent post-ablation and has been free from any type of atrial arrythmias recurrence so far ([Figure 7](#jgc-17-06-373-g007){ref-type="fig"}). Currently, the patient showed improvement of NYHA class symptoms and is in a stable condition. The patient remains alive at the five-year follow-up since the initial diagnosis.

![Electrocardiogram shows pacemaker rhythm of 80 beats/min, and pacing and perceptive functions were normal.](jgc-17-06-373-g007){#jgc-17-06-373-g007}

The CA is caused by misfolded proteins deposited in the extracellular matrix of the heart, which is independent of cardiomyocyte disease.[@b3] Most CA patients have AL amyloidosis or ATTR amyloidosis. The AL refers to systemic immunoglobulin light chain-derived amyloidosis that occurs in plasma cell dyscrasias and other B-cell disorders.[@b4] It remains underdiagnosed, and its clinical manifestations are diverse, lacking specificity. Initially, this patient was fallaciously considered to have acute myocardial infarction due to the pseudoinfarction pattern on ECG and troponin I elevated in serum. It is similar to commonly misdiagnosing CA as hypertrophic cardiomyopathy or any restrictive cardiomyopathy owing to thickening of the left ventricular wall and diastolic dysfunction on echocardiography. With the presentation of unexplained or refractory HF in patients, especially with restrictive cardiomyopathy, it is reasonable to suspect CA after standard investigations for HF. At this time, the correlation of a variety of examinations should be rechecked and comprehensively analyzed, especially left ventricular wall thickening on echocardiography with paradoxical appearance of low voltage on ECG. The magnetic resonance imaging pattern of late gadolinium enhancement (LGE) appears to be a characteristic delayed and enhanced signal.[@b5] The gold standard for diagnosis is endomyocardial biopsy. It is regrettable that this patient refused to undergo this procedure because of the risk since the result of prior abdominal fat biopsy was negative. The prognosis of CA is dependent on subtype and the extent of cardiac and other organ involvement. The treatment includes HF and arrhythmias, along with specific chemotherapy for amyloidosis.

This patient has obvious conduction defects with sinus arrest and refractory atrial tachyarrhythmias that deteriorated HF. These problems may result from amyloid fibril infiltration and side effects of chemotherapeutic drugs for the underlying disease. However, various types of arrhythmias, as well as distinct degrees of conduction disruption and bundle branch block, are also common manifestations of ECG in the CA patients. These are due to amyloid infiltration and direct light chain toxicity, which impair the conduction system and left ventricular systolic function by immediately depositing or gradually promoting adjacent myocardial tissue fibrosis.[@b6] Additionally, left ventricular filling pressure increased, which resulted in atrial wall dilation and potentially myocardial fibrosis.[@b7] Regarding the electrophysiologic assessment of the conduction system in CA, the data are limited. The three-dimensional model of the atrium can be constructed using an ECM, and the degree of atrial substrate lesions can be evaluated using the magnitude of voltage amplitude. This method can effectively detect atrial fibrosis or surgical scar areas. At present, the atrial voltage is less than 0.5 mV is considered low voltage, and less than 0.1 mV is considered the scar area.[@b8] In a study conducted by Barbhaiya CR, *et al*.[@b9], the mean voltage of the atrial myocardium was lower in the CA patients (279 ± 351 *vs.* 499 ± 202, *P* = 0.08), and the proportion of low-voltage area was largely greater in the CA group than that in the non-CA persistent AF group overall (63% ± 22% *vs.* 34% ± 22%, *P* = 0.009). We consider that fibrillatory activation by amyloid infiltration potentially induces electrical and tissue structural remodeling, leading to a reduction in myocardial voltage, which is why antiarrhythmic drugs are always failures at higher frequencies and more refractory of atrial arrythmias in the CA patients. Catheter ablation is often required to resolve this complex situation. The CA patients show the improvement symptoms after atrial arrhythmia ablation, but the recurrence of arrhythmias remains high. The main cause is that the pathophysiological matrix of the atria has not been reversed or even continues to develop during the underlying disease process. Therefore, AVN ablation (AVNA) is typically performed after all other therapeutic options and safely after previous pacemaker or defibrillator implantation. The main benefits of this strategy can obviously prolong left ventricular filling time by controlling the rate and regulating the R-R interval. Tan NY, *et al*.[@b10] affirmed AVNA had effectively improved symptoms with refractory atrial arrhythmias in the CA patients, and most surviving CA patients had free recurrence years after the ablation procedure. Although survival was poor in the AVNA group, malignant ventricular arrhythmias did not appear among patients who died. For this case, we observed that the function of HF is obviously improved for two years after the AVNA procedure, elevating the left ventricular ejection fraction to 60%, and is free of any arrhythmias from the atria and ventricle. To date, the study of the CA patients utilizing catheter ablation therapy for various atrial arrythmias is limited, and the sample size is still small. Catheter ablation may help the CA patients be free from refractory atrial arrhythmias, but further studies need to verify the reliability of this strategy.

The CA patients have also been reported to have common complications such as ischemic stroke, even in the sinus rhythm or those treated with anticoagulation agents, a significant contributor to mortality in the CA patients.[@b11] A study from the Mayo clinic showed that 42 of 156 CA patients had intracardiac thrombi utilizing transthoracic and transesophageal echocardiograms, among which AL amyloid had a higher frequency than other types (35% *vs.* 18%, *P* = 0.02), despite younger patients and a lower prevalence of AF.[@b12] They confirmed that left ventricular diastolic dysfunction, lower left atrial appendage emptying velocity, and AF were independent risk factors for intracardiac thrombosis, while anticoagulation was protectively correlated.[@b12] Oxidative stress and free radical activation, secondary to amyloid infiltration, lead to cardiomyocyte and endothelial cell dysfunction, electromechanical dissociation and hypercoagulability.[@b13] This may explain why intracardiac thrombi are usually identified in the CA patients with sinus rhythm. Another important conclusion of the study is that the risk for thrombosis increased if systolic blood pressure was lower and AF was present, whereas the conventional risk factors only have a modest effect.[@b12] Therefore, the CHA~2~DS~2~-VASC score alone may not be suitable for the assessment of such complex patients. We speculate that the HAS-BLED score alone assessing the risk of bleeding may also not be sufficient, because blood vessel walls were destroyed by amyloid deposition. It is worth noting that the frequency of thrombosis and embolism could have been underestimated, because microthrombi may be clinically silent and may have been overlooked, especially in the right atrial appendage. Consequently, screening for thrombi by more widespread use of transesophageal echocardiography as early as possible would be required when atrial systolic failure is present, regardless of rhythm.

The AL amyloidosis is a rare life-threatening disease. The survival outcome is significantly affected by the extent and severity of organs involved, particularly those with cardiac involvement. In the Mayo clinic study, risk stratification was carried out by elevated levels of biomarkers, including NT-pro BNP (332 pg/mL), cardiac troponin T (0.035 ng/mL) or troponin I (0.1 ng/mL). These CA patients were categorized into Mayo stage I (both values below cutoff), II (either one above), and III (both above), the median survival times of which were 26.4, 10.5, and 3.5 months, respectively.[@b14],[@b15] In the AL, chemotherapy is effective against plasma cell-derived amyloid-forming immunoglobulin light chains, which remains the cornerstone of treatment.[@b16] Apart from the above specific treatment, symptomatic management and supportive treatment to prevent the exacerbation of organ function should be performed simultaneously. However, the overall prognosis remains poor. Thus, it is necessary to identify complex patients by using available diagnostic techniques for echocardiography, cardiac magnetic resonance (CMR) with LGE and nuclear imaging. Among them, echocardiography and CMR with LGE have potential use in early diagnosis and serve as predictors for prognosis to some extent.[@b16] It is paramount to individually correlate the findings based on the clinical presentation and case suspicion. Generally, specific chemotherapy, supportive therapy for organ failure, and symptomatic improvement are the main options. The more effective techniques for early identification of amyloidosis and aggressive treatment for the underlying plasma dyscrasia and various serious complications are on the horizon owing to the high mortality.[@b1]

All in all, the CA patient had severe HF, a variety of atrial arrhythmias and multiple thromboembolisms, any of which is a fatal complication. The patients in this case report has been alive for five years since initially diagnosed with AL amyloidosis, far longer than the 3.5-month mean survival mentioned in the Mayo study.[@b15] Currently, the patient has been free from cardiac hospitalization for two years since the AVNA procedure. This case confirms that symptomatic therapies related to arrhythmias are reasonable and effective. Whether the strategies could assist in improving the prognosis in the AL amyloidosis group still needs prospective and large-scale clinical trials to be studied further.
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